The association of congenital aortic valve malformation and aortic dissection is analyzed. Over a 30 year period, 186 patients with noniatrogenic aortic dissection were studied at necropsy. The aortic valve was tricuspid in 170 (91.4%), bicuspid in 14 (7.5%) and unicuspid in 2 (1.1 %). Among the 16 patients with aortic dissection and a congenitally malformed valve, the age at death ranged from 17 to 82 years (mean 52) and 13 (81%) were men.
healed dissection) who did not have operative therapy for the dissection. Two of the 16 patients with a malformed valve com· pared with no patient with a tricuspid aortic valve had aortic isthmic coarctation. Histologic sections of aorta from 10 patients disclosed severe degeneration of the elastic fibers of the media in 9 patients.
Thus, a congenitally malformed aortic valve appears to be present at least 5 times more frequently in adults with than in those without aortic dissection, and in our patients the entrance tear was always in the ascending aorta, which usually had severe loss of elastic fibers in its media.
() Am Coil CardioI1991;17: examined and classified by W.C.R., and most were reexamined later by C.S.R. Of the 16 patients with a malformed aortic valve, 2 were studied at necropsy from 1959 to 1970, 4 from 1971 to 1980 and 10 from 1981 to 1990. The 16 cases were submitted from nine hospitals, eight local and one nonlocaL The study was approved by the director of intramural research of the National Heart, Lung, and Blood Institute.
Examination of ascending aorta. In 10 of the 16 cases in which the heart was available for reexamination, two or more segments of ascending aorta were excised for histologic study. Each segment was taken approximately 2 cm cephalad to the sinotubular junction perpendicular to the longitudinal axis of the aorta. Each segment was fixed in formalin. processed in alcohols and xylene, dehydrated and embedded in paraffin; a histologic section was prepared from each segment and stained by the Movat method.
Results
Clinical findings. Pertinent clinical and necropsy findings in each of the 16 patients with a congenitally malformed aortic valve are summarized in Table 1 , and the appearance of the aortic valve and ascending aorta in two patients are shown in Figures 1 and 2 . The age at death in the 16 patients ranged from 17 to 81 years (mean 52); 13 were men (81%). In 6 (38%) of the 16 patients the diagnosis of aortic dissection had been established during life. No patient had skeletal or known ocular features of the Marfan syndrome. Aortic valve function. The aortic valve was functionally abnormal in 6 of the 16 patients: in 4 of the 5 who had operative therapy for the dissection and in 2 of the 11 who did not. Valvular aortic stenosis developed early in life in one patient (Case 1), who underwent aortic valve commissurotomy at age 11 years; aortic dissection at age 17 years caused sudden death. None of the other five patients with an abnormally functioning aortic valve had an operative procedure on the aortic valve. Anatomic examination indicated that 10 of the 14 congenitally bicuspid aortic valves had functioned normally before the dissection and that 4 were stenotic (2 severely calcified). Of the 10 functionally normal valves before the dissection, 2 had aortic regurgitation as a consequence of the dissection. Each of the 2 congenitally unicuspid aortic valves was severely stenotic.
Location of aortic valve cusps. Of the 14 patients with a congenitally bicuspid aortic valve, the location of each cusp was noted in 13: in 10 patients, one cusp was anterior and the other posterior and both coronary arteries arose from the anterior sinus; in the other three patients, the cusps were right and left and a coronary artery arose from each aortic sinus. A raphe, present in 10 of the 14 cases, was always located in either the anterior or the right cusp.
Survival after aortic dissection. The interval from aortic dissection to death was ::;21 days in 15 patients and about 6 months in 1 patient (Case 5). Thus, the dissection healed in only 1 of the 16 patients. All 11 patients who had no operative intervention for aortic dissection died within 24 hours of onset of the dissection. Rupture of the false channel causing hemopericardium led to death in all 11 unoperated patients.
Extent of the dissection. In all 16 patients the aortic entrance tear was located in the ascending aorta (proximal to the innominate artery). The dissection also involved the transverse portion of aorta in six patients, and the descending thoracic and abdominal aorta in four other patients. Hemorrhage into the adventitia of the pulmonary trunk occurred in seven patients (5) (6) (7) .
Aortic isthmic coarctation. One (Case 1) of the 16 patients had aortic isthmic coarctation that was resected when he was 27 months of age. The dissection terminated at the proximal suture line of the coarctation repair.
Aortic media. Histologic sections of ascending aorta, obtained in 10 cases, revealed severe degeneration or loss of elastic fibers in the media in 9 cases, and a normal aortic media in 1 case (Case 8). Some areas of media in the nine abnormal cases had no elastic fibers, and nearly all areas were deficient in elastic fibers.
Comparison of cases of congenitally malformed aortic valves with cases of tricuspid aortic valves. Pertinent findings in the 14 patients with a bicuspid aortic valve, the 2 patients with a unicuspid aortic valve and the 170 patients with a tricuspid aortic valve are listed in Table 2 . None of the 16 patients with a congenitally malformed aortic valve but 54 (32%) of the 170 patients with a tricuspid aortic valve had a tear distal to the ascending aorta. Two (14%) of the 14 patients with a bicuspid aortic valve had aortic isthmic The frequency of a congenitally bicuspid aortic valve among persons > 15 years of age appears to be 1% to 2%, closer to 1% (8) . The finding of a congenitally bicuspid aortic valve in 14 (7.5%) of 186 necropsy patients with spontaneous aortic dissection indicates that the bicuspid aortic valve is at least 5 times more common in persons with aortic dissection than in the general adult population with a tricuspid aortic valve. A bicuspid aortic valve was present in II (13%) of 85 patients with aortic dissection reported by Gore and Seiwert (1), in 11 (9%) of 119 cases reported by Edwards et al. (2) , in none of 204 cases reported by Wilson and Hutchins (3) and in 18 (11%) of 161 cases reported by Larson and Edwards (4). Wilson and Hutchins (3) reviewed autopsy protocols rather than actual heart specimens and their study covered a 92 year period. It is therefore likely that the presence of a bicuspid aortic valve was overlooked. Frequency of aortic dissection in persons with a bicuspid aortic valve. Fenoglio et al. (9) found aortic dissection in 8 (5%) of 152 necropsy patients ~20 years of age with a bicuspid aortic valve. In the study by Larson and Edwards (4) , 18 (6%) of 293 persons with a bicuspid aortic valve and 141 (0.67%) of 21 ,105 persons with a tricuspid aortic valve had aortic dissection, a ninefold difference. Their study included persons of all ages , not just those > 15 or 20 years old. At the Pathology Branch, National Heart. Lung. and Blood Institute, of 328 patients > 15 years of age with a congenitally bicuspid aortic valve studied (to June 1990) at necropsy, 14 (4%) had aortic dissection.
Frequency of aortic dissection in persons with a unicuspid aortic valve and vice versa. The frequency of aortic dissection among persons with a unicuspid aortic valve also appears to be higher than in patients with a tricuspid aortic valve. Among our 186 necropsy patients with aortic dissection, 2 (1.1%) had a unicuspid aortic valve. Larson and Edwards (4) found a unicuspid aortic valve in 2 0.2%) of 161 patients with aortic dissection; of their 16 patients with a unicuspid aortic valve, 2 (12.5%) had aortic dissection. During the past 30 years, 29 patients with a congenitally unicuspid aortic valve have been studied at necropsy in the Pathology Branch of the National Heart, Lung, and Blood ROBERTS AND ROBERTS AORTIC DISSECTION AND AORTIC VALVE 715 Institute, and 2 (7%) had aortic dissection. Thus, although the unicuspid aortic valve is far less frequent than a bicuspid valve, the frequency of associated aortic dissection may be similar to that observed with the bicuspid aortic valve.
Functional status of bicuspid aortic valve in aortic dissection. The bicuspid aortic valve in patients with aortic dissection can function either normally or abnormally . Among our 14 patients with a congenitally bicuspid aortic valve and aortic dissection, the valve had functioned normally before the dissection in 10 and was stenotic in the other 4. Among 18 patients with a bicuspid aortic valve and aortic dissection reported by Larson and Edwards (4) , the valve had functioned normally in 9, was stenotic in 6 and was purely regurgitant in 3. The unicuspid aortic valve was severely stenotic in each of our two patients.
Frequency of aortic coarctation in aortic dissection with a bicuspid aortic valve. It is well established that aortic isthmic coarctation occurs more frequently in persons with a bicuspid (or unicuspid) aortic valve than in persons with a tricuspid aortic valve (8, 9) and that aortic dissection occurs more frequently in persons with than in those without aortic coarctation 00, II). Abbott (0) found aortic dissection in 38 (19%) of 200 necropsy cases of un operated aortic isthmic coarctation. The status of the aortic valve was known in 183 of the 200 coarctation cases: in 46 of the 183 cases, the aortic valve was bicuspid and aortic dissection occurred in 17 (37%) of the 46. Among our 14 patients with a bicuspid aortic valve associated with aortic dissection, 1 patient had severe aortic isthmic coarctation (that had been operatively excised years earlier), and 1 had aortic pseudocoarctation, that is, an anatomic indentation at the aortic isthmus but not enough indentation to cause functional obstruction. Of the 18 cases with bicuspid aortic valve and aortic dissection reported by Larson and Edwards (4), two (11%) had aortic coarctation.
Aortic media in aortic dissection with bicuspid aortic valve: clinical implications. As has been recognized for some time (2) , the media of the ascending aorta is usually, but not always (4), abnormal among patients with a congenitally bicuspid aortic valve with or without associated aortic isthmic coarctation (12, 13) . The aortic media was abnormal in 9 of 10 cases examined in the present study. The abnormal configuration of the elastic fibers, mainly a severe loss of these fibers, of the media is probably the cause of the increased frequency of aortic dissection among persons with a congenitally bicuspid aortic valve. Often the aortic media in the cases examined was so abnormal that it was similar to that observed in patients with the Marfan syndrome (14) . The abnormality of the ascending aorta should be kept in mind when performing aortic valve replacement in patients with a congenitally bicuspid stenotic or purely regurgitant aortic valve, for these persons probably have a greater propensity for dissection (particularly originating at an aortotomy site after the valve replacement) than have persons undergoing a similar procedure for a tricuspid aortic valve.
